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PRELIMINARY AMENDMENT 

2029 Century Park East, Suite 3800 
Assistant Commissioner for Patents Los Angeles, California 90067-3024 

Washington, D.C. 20231 August 2000 

lO 

Commissioner: 

Please amend the above-identified appHcation as follows: 
IN THE CLAIMS 

Claim 7, line 1, delete "Claims 1,2 or 3" and insert therefor -Claim 1 — 

REMARIiS 

In view of the foregoing amendment, consideration and allowance of this application is 
respectfully requested. 



Respectfully submitted, 

OPPENHEIMER WOLFF & DONNELLY LLP 
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DESCRIPTION 



MULTI " PARTITIONED FLUIDIZED BED REACTOR 



TECHNICAL FIELD 

The present invention relates to a fluidized bed reactor for treating ore 
fines in a fluidized state. 



BACKGROUND ART 

When a gas passes upward through a bed of ore fines and a gas distributor 
like a multi- orifice plate or a pipe grid in a reactor and the gas velocity is 
moderately high, an upward factional force between the ore fines and the gas 
counterbalances the weight of the ore fines. In such state, the ore fines are all 
suspended in the upward gas flow and the bed of the ore fines is considered to be 
fluidized and is referred to as fluidized bed. In the fluidized bed, the particles of 
the ore fines move up and down by the upward flowing gas. A temperature of the 
bed can be kept almost uniform and can easily be controlled. Therefore, the 
fluidized bed reactor has been widely utilized in various industrial fields. For 
example, recently, a process using a fluidized bed has been utilized to produce 
iron carbide to which much attention has been paid as a raw material for iron 
making and steel making. The iron carbide is produced by feeding a fluidized bed 
reactor with iron ore fines, and reacting the iron ore fines with a reducing gas (a 
hydrogen gas) and a carburizing gas (for example, a methane gas or the like) at a 
predetermined temperature to reduce and carburize iron oxide in the iron ore. 

As an art of this kind, Japanese Provisional Patent Publication No. Hei 1 
- 176003 has disclosed an apparatus for treating ore fines by use of a fluidized bed 
characterized in that the inside of a fluidized bed reactor 23 having a raw material 
inlet port 21 and an outlet port 22 is partitioned into upper and lower portions by a 
gas distributor 24, a gas wind box 25 is provided below the gas distributor 24, a 
fluidizing chamber 26 above the gas distributor 24 is partitioned into a plurality of 
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compartments (26a to 26e) by a partition plate 27, a connecting hole is provided on 
the partition plate 27, and a raw material fed into the fliiidized bed reactor 23 flow 
in a fluidized state from the inlet port 21 toward the outlet port 22 through the 
connecting hole as shown in Fig. 25. 

In the fluidized bed reactor shown in Fig. 25, however, a movement 
from a compartment to other compartment is performed through the connecting 
hole which is a simple hole below the partition plate 27. Therefore, back mixing 
(a phenomenon in which the raw material in a downstream side compartment are 
reversely moved to an upstream side compartment) is sometimes caused depending 
on a pressure balance of adjacent compartments. For this reason, the effect 
obtained by partitioning the fluidized bed is lessened. In order to easily 
understand the present invention, the back mixing and defects of a conventional 
fluidized bed reactor related to the back mixing are described below in detail 

In the fluidized bed reactor, generally, ore fines acting as raw material 
are calcined or reacted. Therefore, it is preferable that a residence time of the 
ores in the reactor would be increased. In order to increase the residence time, 
it is applicable that a size of the reactor would be increased or a height of ores bed 
in the reactor would be increased. According to the former method, an 
equipment cost is much increased. According to the latter method, the size of 
the reactor is increased and a power of a gas supply compressor becomes 
considerably greater so that running cost is increased. 

As a result, a fluidized bed reactor obtained by a combination of various 
well— known gas distributor and partition plates has been devised. For example, 
a multi- partitioned fluidized bed reactor using a gas distributor has been known, 
in which an wind box 1 is provided on a bottom, a gas is injected from a large 
number of gas injecting nozzles 3 provided on a gas distributor 2 above the wind 
box 1 to form a fluidized bed 4 of iron ore fines on the gas distributor 2, and the 
fluidized bed 4 is partitioned into a plurality of compartments (4a, 4b, 4c) by a 
partition plate 5 as shown in Fig. 1. If the fluidized bed is partitioned into a large 
number of compartments (the number n of partition of the fluidized bed is 
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increased), the residence time of ores in the reactor is considerably increased as 
shown in Fig. 2. In Fig. 2, n = 1 denotes a case where the fluidized bed is not 
partitioned. 

In particular, it is impossible to avoid multi- partitioning (for example, 
partition into four or seven compartments) of the fluidized bed in an iron carbide 
producing plant requiring the residence time of a few hours or more in the reactor. 
In order to realize the multi- partitioned fluidized bed having such a feature, the 
following two requirements have to be taken into consideration. 
® No back mixing is caused. 

As shown in Fig. 3, it is required that most of ores should flow through 
a connecting hole 9 from an upstream side compartment 7 to a downstream side 
compartment 8 which are partitioned by a partition plate 6. Conversely, in a case 
where a phenomenon in which the ores flow from the downstream side 
compartment 8 to the upstream side compartment 7 (back mixing) is caused, the 
effect obtained by partitioning the fluidized bed is reduced. For example, if the 
back mixing is caused in case of the partition into four compartments, the 
residence time of ores in the reactor shown in Fig. 2 does not form a distribution 
curve of n = 4 but a distribution curve close to n = 2 as shown in a dotted line in 
Fig. 4, 

(D A difference in a fluidized bed height between the upstream side 

compartment and the downstream side compartment should be set to have a proper 
value. 

While the fluidized bed height of the upstream side compartment would be 
greater than that of the downstream side compartment in order to obtain a flow 
from the upstream side to the downstream side, it is desirable that the difference 
in the fluidized bed height would be small. For example, if a seven- partitioned 
fluidized bed reactor has a difference in a fluidized bed height of 200 mm, the total 
difference becomes a great value of 1200 mm (200 mm X6). Consequently, the 
fluidized bed reactor cannot be applied to a process having an average fluidized bed 
height of 1000 mm or 2000 mm (Extra considerations are required for the 
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application. In other words, it is necessary to increase the height of the reactor. 
In addition, it is necessary for a supply gas pressure to be large so as to cope with 
the greatest fluidized bed height. Therefore, the equipment and running cost is 
increased. Furthermore, it is hard to uniformly distribute a gas to the 
compartments. More specifically, if a gas pressure loss of the gas distributor is 
not extremely increased, the gas is not uniformly distributed. ) 

One of the countermeasures for the back mixing in a multi— partitioned 
fluidized bed reactor according to the prior art which is based on the 
above— mentioned viewpoints is that a size of the connecting hole for connecting 
the adjacent compartments is reduced. If the size of the connecting hole is 
reduced, the difference in the fluidized bed height between upstream and 
downstream compartments is increased. Consequently, the above— mentioned 
disadvantages are given. 

Furthermore, the defects of the conventional fluidized bed reactor will be 
described below. 

(3) If a length of the connecting hole is 100 mm or less, the back mixing is 
caused. 

In general, a pressure at each point in the fluidized bed fluctuates in a 
shorter time period than 1 second, and ores are moved according to a pressure 
difference between an inlet of the connecting hole and an outlet thereof. For 
example, a flow of the ores passing through the connecting hole fluctuates as 
shown in Fig. 5. In Fig. 5, the mark "plus( + )" denotes a flow from the 
upstream side to the downstream side, and the mark "minus( — )" denotes a flow 
from the downstream side to the upstream side (back mixing). Accordingly, if 
the connecting hole has a small length (for example, 5 mm), the back mixing is 
easily caused. 

In this case, however, when the connecting hole has a great length, the 
ores flowing in the direction of "minus( — )" stay in the connecting hole even if the 
flow in the direction of "minus ( — )" is caused. As a result, only the flow in the 
direction of "plus( + )" is obtained. 
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® In a case where the downflow comprising the dense ores is not formed in 
the vicinity of the inlet and outlet of the connecting hole, a void portion is 
generated in the connecting hole so that a large quantity of the gas easily pass 
through the connecting hole. Consequently, the difference in the fluidized bed 
height is badly increased. Furthermore, a large quantity of the gas can easily 
flow from the upstream side to the downstream side so that the back mixing is 
caused. 

In consideration of such problems of the prior art, it is an object of the 
present invention to provide a fluidized bed reactor having a proper difference in a 
fluidized bed height between a upstream and a downstream compartments without 
causing back mixing or with extremely small amount of back mixing. 

DISCLOSURE OF INVENTION 

In order to attain the above-mentioned object, a vertical height of the 
position of the connecting hole is set to a constant value or less, a length of the 
connecting hole for connecting the adjacent compartments is set to a constant value 
or more, a distance between an inlet and outlet of the connecting hole and an end 
surface of a gas injecting nozzle is set to a constant value or more, and an angle 
formed by a line connecting a comer portion of an upper surface of the connecting 
hole and a gas injecting nozzle with respect to a horizontal plane is set greater than 
an angle of repose of raw material fines. Consequently, the raw material in an 
upstream side compartment can be moved to a downstream side compartment 
through the connecting hole substantially without causing fixed accumulation of the 
material in the vicinity of the inlet and the outlet of the connecting hole and back 
mixing. 

An aspect of the present invention is directed to a multi- partitioned 
fluidized bed reactor of a bubbling bed type for performing a reaction while 
fluidizing raw material fines fed from one side surface of the reactor by a reaction 
gas injected from a large number of injecting nozzles provided on a gas distributor 
placed on a lower portion in the reactor, thereby discharging a product from the 
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other side surface of the reactor, wherein a fluidized bed is partitioned into a 
plurality of compartments by partition plates, a connecting hole for moving the raw- 
materials from an upstream side compartment to a downstream side compartment is 
provided in the lower part of the partition plate, and an average moving speed of 
the raw materials passing through the connecting hole is 500 mm/second or less, 
the multi- partitioned fluidized bed reactor meeting conditions that a vertical 
position of the connecting hole has a height which is 1/4 of a fluidized bed height or 
less, a length of the connecting hole is 100 ram or more, in a case where the gas 
injecting nozzle injects a gas upward in an almost vertical direction, a distance 
between an inlet of the connecting hole and an end surface of an upstream side 
nozzle is greater than 150 mm and a distance between an outlet of the connecting 
hole and an end surface of a downstream side nozzle is greater than 50 mm, in a 
case where the gas injecting nozzle injects a gas in an almost horizontal direction, 
the distance between the inlet of the connecting hole and the end surface of the 
upstream side nozzle is greater than 200mm and the distance between the outlet of 
the connecting hole and the end surface of the downstream side nozzle is greater 
than 100 mm, in a case where the gas injecting nozzle injects a gas obliquely 
downward, the distance between the inlet of the connecting hole and the end 
surface of the upstream side nozzle is greater than 200 mm and the distance 
between the outlet of the connecting hole and the end surface of the downstream 
side nozzle is greater than 100 mm, and an angle formed by a line connecting a 
comer portion of an upper surface of the connecting hole and a gas injecting port 
with respect to a horizontal plane is greater than an angle of repose of the raw 
material fines in any of openings on upstream and downstream sides of the 
connecting hole. 

Based on a relationship with the function of the present invention, the 
reason for restriction on each constituent feature of the fluidized bed reactor having 
the above- mentioned constitution are described below in detail 
(1) A flow of only gas in the connecting hole is not generated. 

When a large' amount of the gas flows in the connecting hole, a pressure 
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loss is increased. Therefore, a difference in a fluidized bed height between 
upstream and downstream compartments is increased (for the same flow of ore 
fines) and back mixing is caused. In order to prevent the increase in said 
difference in the fluidized bed height and the back mixing, it is necessary to 
substantially fill the connecting hole with the ore fiens. More specifically, if only 
the ore fines are present in the connecting hole, the whole ore particles are moved 
so as to be pushed out from the upstream side toward the downstream side 
depending on a pressure difference between the upstream side fluidized bed and the 
downstream side fluidized bed (in a case where the ore fines are slightly moved 
from the downstream side toward the upstream side temporarily or instantaneously, 

5 there is no problem if such moving distance is smaller than a length of the 

0? connecting hole. ) 

jt: It is preferable that the following means would be employed in order to 

m minimize the gas flow in the connecting hole. 

* 0 Set a vertical position of the connecting hole to 1/4 of the 

g fluidized bed height or less. 

P It is not preferred that the vertical position of the connecting hole is too 

O high. The reason is as follows. The ore fines in the fluidized bed have a low 
^ density in an upper portion. If the connecting hole is placed in a high position, a 
gas easily flows into the connecting hole. Accordingly, it is preferable that the 
vertical position of the connecting hole would be 1/4 of the fluidized bed height or 
less. 

<2) Form a downflow comprising dense ore fines in the vicinity of an 
inlet of the connecting hole. 

If a gas injecting nozzle U provided on a gas distributor plate 10 is 
positioned apart from a partition plate 6 by a proper distance as shown in Fig. 6, 
the ore fines are moved to generate a dense downflow in the vicinity of the 
connecting hole 9 as shown by an arrow in Fig. 6. The dense downflow in the 
vicinity of the inlet of the connecting hole blocks a gas flow into the connecting hole. 

(3) Increase a thickness of the downflow comprising the dense ore 
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fines in the vicinity of the inlet of the connecting hole. 

When the ore fines are moved from the upstream side to the downstream 
side through the connecting hole, a part of the downflow of the ore fines flows into 
the connecting hole 9 as shown in Fig. 7 (a). At this time, if a thickness of the 
downflow is small, not only ore fines P but also gas G is sucked in large quantities 
into the connecting hole 9 as shown in Fig. 7 (b). When a large quantity of the 
gas is sucked into the connecting hole, the above-mentioned trouble is caused. 
Therefore, a thickness of the downflow comprising the dense ore fines in the 
vicinity of the inlet of the connecting hole should be increased. 

An experiment was performed in order to investigate such a cause as the 
5 downflow comprising the dense ore fines was formed in the vicinity of the inlet of 
i- the connecting hole and the thickness of the downflow was increased. As a result, 
Of it has been found out that the relative positions of the connecting hole 9 and the 

5 gas injecting nozzles (Ha, lib, 11c) are important as shown in Fig. 8. In a case 
r where the gas injecting nozzle is too close to the connecting hole 9, the thickness 
U of the downflow of the ore fines is very small (or the downflow is not formed) and a 

gas flow is generated in the connecting hole. Therefore, the ore fines cannot be 

6 moved in the connecting hole. On the other hand, it has been found out that the 
thickness of the downflow in the vicinity of the inlet of the connecting hole is 
increased as the gas injecting nozzle is positioned apart from the connecting hole 9. 

In a case where an upward nozzle Ua for injecting a gas upward in an 
almost vertical direction is used as shown in Fig. 9 (a), it is preferable that a 
distance X between the inlet of the connecting hole 9 and an end surface of the 
upward nozzle 11a which is shown in Fig. 8 (a) would be set greater than 150 mm. 

In a case where a horizontal nozzle lib for injecting a gas in an almost horizontal 
direction (a flow velocity in the nozzle is 10 to 80 m/second) is used as shown in 
Fig. 9 (b), it is preferable that a distance X between the inlet of the connecting 
hole 9 and an end surface of the horizontal nozzle lib which is shown in Fig. 8 (b) 
would be set greater than 200 mm. In a case where an obliquely downward 
nozzle 11c for injecting a gas obliquely downward (a flow velocity in the nozzle is 10 
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to 80 m/second) is used as shown in Fig. 9 (c), it is preferable that a distance X 
between the inlet of the connecting hole 9 and an end surface of the obliquely 
downward nozzle 11c which is shown in Fig. 8 (c) would be set greater than 200 
mm. 

The limitation on the distance X can be applied to a case where an 
average moving speed of the ore fines in the connecting hole is 500 mm/second or 
less. The reason is as follows. If the average moving speed of the ore fines is 
higher than 500 mm/second, the ore fines are moved firom the inlet of the 
connecting hoel toward the outlet thereof without limiting the distance X to a 
constant value or more and causing back mixing. 
S The average moving speed of the ore fines m the hole represents a 

f ! numeric value (m/hr) obtained by dividing, by a sectional area (m ^ ) of the 
ill connecting hole, a flow rate Q (m ^ /hr) obtained by dividing a feed A (ton/hr) of 
m the ore fines by a bulk specific gravity y (ton/m ^ ). 

(D Form a downflow comprising the dense ore fines in the vicinity 
y of the outlet of the connecting hole. 

In a case where the downflow comprising the dense ore fines is not 
g formed in the vicinity of the outlet of the connecting hole, the ore fines are not 
present in the outlet portion of the connecting hole 9 and an effective length of the 
connecting hole filled with the ore fines is reduced as shown in Fig. 10. 
Consequently, the back mixing is easily caused as described above. Therefore, 
it is preferable that the downflow comprising the dense ore fines would be formed 
in the vicinity of the outlet of the connecting hole as well as the inlet thereof. For 
this purpose, it is preferable that a distance X between an end surface of a gas 
injecting nozzle and the outlet of the connecting hole would be set to a constant 
value or more in the same manner as in the inlet. Furthermore, it is sufficient 
that the ore fines in the connecting hole are pressed so as not to slip off on the 
outlet side and that a thickness of a downflow is smaller than on the inlet side, 
which is described specifically below. 

In a case where the upward nozzle 11a for injecting a gas upward in an 
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almost vertical direction is used as shown in Fig. 9 (a), it is preferable that the 
distance X would be set greater than 50 mm. 

In a case where the horizontal nozzle lib for injecting a gas in an almost 
horizontal direction is used as shown in Fig. 9 (b), it is preferable that the 
distance X would be set greater than 100 mm. 

In a case where the obliquely downward nozzle 11c for injecting a gas 
obliquely downward is used as shown in Fig. 9 (c), it is preferable that the 
distance X would be set greater than 100 mm. 

(2) Cause no accumulation of the ore fines before and after the connecting 
port. 

If the ore fines are accumulated before and after the connecting hole as 
shown in Fig. 11, the ore fines in the connecting hole are not moved. In order 
to move the ore fines in the hole, it is necessary to considerably increase a 
difference in a fluidized bed height between compartments before and after the 
connecting hole (for example, a wasteful value of several hundreds mm would be 
set). The generation of the accumulation portion depends on an angle formed by a 
line connecting the connecting hole and the gas injecting port with respect to a 
horizontal plane. In general, the ore fines are lifted up by a gas flow in the 
vicinity of the gas injecting nozzle. Therefore, if an angle a formed by a line L 
connecting a comer portion P of a lower surface of a connecting hole 9 and a gas 
injecting port Q with respect to the horizontal plane is greater than an angle of 
repose of the ore fines as shown in Fig. 12, the accumulation portion of the ore 
fines is not generated in the vicinity of the inlet of the connecting hole 9 but the 
ore fines in the connecting hole 9 are moved from the inlet toward the outlet. In 
reality, it has been found out that the movement of the ore fines in the connecting 
hole 9 is not hindered even if the angle a is slightly smaller than the angle of 
repose of the ore fines. That is to say, it has been found out that there is no 
problem if an angle iS formed by a line M connecting a comer portion R of an 
upper surface of the connecting hole 9 and the gas injecting port Q with respect to 
the horizontal plane is greater than the angle of repose of the ore fines as shown in 
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Fig. 13. The reason is as follows. Even if the angle a is smaller than the 
angle of repose of the ore fines and a little accumulation portion is present in the 
vicinity of the inlet of the connecting hole, the movement of the ore fines in the 
connecting hole is not substantially hindered because a considerable quantity of the 
ore fines on the line M and in the vicinity thereof (below the line M) slides down a 
slant together with a downflow. 

Accordingly, it is preferable that the angle formed by the line connecting 
the comer portion of the upper surface of the connecting hole 9 and the gas 
injecting port with respect to the horizontal plane would be greater than the angle 
of repose of the ore fines. 

It is preferable that a relationship between the angles a and /3 and the 
angle of repose of the ore fines would be the same as in the outlet of the 
connecting hole. 

The foregoing results are similarly applied to various well-known gas 
distributor as well as the gas distributor plate. 
(3) Others 

® It is preferable that the lower surface of the connecting hole would be 
positioned above a tip of an injection portion of the gas injecting nozzle. The 
reason is that an accumulation portion is generated in the connecting hole with 
difficulty. 

(2) It is preferable that a diameter of the opening on the upstream side of the 

connecting hole would be gradually reduced toward the downstream side. The 
reason is that the ore fines easily flow into the connecting hole. 
® It is preferable that a lower surface portion of the opening on the 
upstream side of the connecting hole would protrude from an end surface of a 
partition plate toward the upstream side. The reason is that a downflow 
comprising the dense ore fines is easily generated in the vicinity of the inlet of the 
connecting hole. It is preferable that a comer portion of an upper surface of a 
protmding portion would be obliquely cut. The reason is that an ore accumulation 
portion is generated in the vicinity of the inlet of the connecting hole with difficulty. 
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(4) It is preferable that the upper surface of the protruding portion would be 
slanted downward from the upstream side toward the downstream side. The 
reason is that the ore fines easily flow in the connecting hole. 

(D It is preferable that the connecting hole would be slanted downward from 

the upstream side toward the downstream side. The reason is that the ore fines 
easily flow in the connecting hole. 

® It is preferable that an angle of the slant would be greater than an angle of 
repose of the ore fines. The reason is that an accumulation portion is generated 
with difficulty. 

(7) It is preferable that a lower surface portion of an opening on the 
downstream side of the connecting hole would protrude from the end surface of the 
partition plate toward the downstream side. The reason is that a downflow 
comprising the dense ore fines is formed in the vicinity of the outlet of the 
connecting hole. It is preferable that a comer portion of an upper surface of a 
protruding portion would be obliquely cut. The reason is that an accumulation 
portion is generated in the vicinity of the outlet of the connecting hole with 
difficulty. 

(D It is preferable that the connecting hole would protrude firom both end 
surfaces of the partition plate on the upstream and downstream sides. The reason 
is that a downflow comprising the dense ore fines is formed in the vicinity of the 
inlet and outlet sides of the connecting hole irrespective of a thickness of the 
partition plate. 

(I) It is preferable that one or more gas injecting nozzles would be provided 
in a middle portion of the connecting hole and that a reaction gas would be injected 
from the gas injecting nozzle(s) into the connecting hole. Consequently, the ore 
fines are not accimiulated in the connecting hole. As to the reaction gas, a part 
of gas introduced into the fluidized bed reactor or a gas introduced from the outside 
can be used. A porous material, for example, a porous refractory material 
(brick) can also be used as the tip of the gas injecting nozzle. It is preferable that 
the tip of the gas injecting nozzle would be bent obliquely from the upstream side 



12 



PCT/JP98/04300 

toward the downstream side. The reason is that the effect of inhibiting the 
accumulation of the ore fines in the connecting hole can further be enhanced. 

Since the present invention has the above-mentioned constitution, the 
following effects can be obtained. 

® According to the first aspect of the present invention, it is possible to 
provide a fluidized bed reactor in which raw material fines can be moved firom the 
upstream side toward the downstream side in the connecting hole while keeping a 
proper difference in a fluidized bed height between compartments on the upstream 
and downstream sides without causing back mixing. Accordingly, it is possible to 
realize a fluidized bed reactor having low equipment and running cost. 
(D According to the second aspect of the present invention, it is possible to 
provide a fluidized bed reactor in which the raw material fines are accumulated in 
the connecting hole with difficulty. 

(3) According to the third aspect of the present invention, it is possible to 
provide a fluidized bed reactor in which the raw material fines easily flow into the 
connecting hole. 

® According to the fourth aspect of the present invention, it is possible to 
provide a fluidized bed reactor in which a downflow comprising the dense raw 
material fines is easily formed in the vicinity of the inlet of the connecting hole. 
(D According to the fifth aspect of the present invention, it is possible to 
provide a fluidized bed reactor in which the raw material fines are accumulated in 
the vicinity of the inlet of the connecting hole with difficulty. 

(D According to the sixth, seventh and eighth aspects of the present 
invention, it is possible to provide a fluidized bed reactor in which the raw material 
fines are easily moved in the connecting hole. 

(2) According to the ninth aspect of the present invention, it is possible to 
provide a fluidized bed reactor in which a downflow comprising the dense raw 
material fines is easily formed in the vicinity of the outlet of the connecting hole. 
(D According to the tenth aspect of the present invention, it is possible to 
provide a fluidized bed reactor in which the raw material fines are accumulated in 
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the vicinity of the outlet of the connecting hole with difficulty. 

(9) According to the eleventh aspect of the present invention, it is possible 

to provide a fluidized bed reactor in which a downflow comprising the dense raw 

material fines is easily formed in the vicinity of the inlet and outlet of the 

connecting hole, the back mixing is caused with difficulty, and the raw material 

fines can be moved from the upstream side toward the downstream side in the 

connecting hole irrespective of a thickness of the partition plate. 

® According to the twelfth, thirteenth and fourteenth aspects of the present 

invention, it is possible to provide a fluidized bed reactor in which the raw material 

fines are accumulated in the connecting hole with difficulty. 

Although the present invention has fully been described by way of 
example with reference to the accompanying drawings, it is to be understood that 
various changes and modifications will be apparent to those skilled in the art. 
Therefore, unless otherwise such changes and modifications depart from the scope 
of the invention, they should be construed as being included therein. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a longitudinal sectional view showing a muiti- partitioned 
fluidized bed reactor according to an embodiment of the present invention; 

Figure 2 is a chart showing a relationship between a quantity of raw 
material ores in the fluidized bed reactor and a residence time of ores in the reactor 

Figure 3 is a view typically illustrating a state in which the raw materials 
are moved in the fluidized bed reactor; 

Figure 4 is a chart showing a relationship between the quantity of the raw 
material ores in the fluidized bed reactor and the residence time of ores in the 
reactor; 

Figure 5 is a chart illustrating a state in which the raw materials are 
moved in a connecting hole for connecting compartments; 

Figure 6 is a view illustrating a flow of ore fines in the vicinity of an inlet 
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of the connecting hole; 

Figures 7 (a) and 7 (b) are another views illustrating the flow of the ore 
fines in the vicinity of the inlet of the connecting hole; 

Figures 8 (a), 8 (b) and 8 (c) are views illustrating a distance X between 
the inlet of the connecting hole and an end surface of a gas injecting nozzle; 

Figure 9 (a) is a sectional view showing an upward nozzle, Figure 9 (b) 
is a sectional view showing a horizontal nozzle, and Figure 9 (c) is a sectional view 
showing an obliquely downward nozzle; 

Figure 10 is a view illustrating filling conditions of the ore fines in the 
vicinity of an outlet of the connecting hole; ' 

Figure 11 is a view illustrating a fixed accumulation of the ore fines in the 
vicinity of the inlet of the connecting hole; 

Figure 12 is a view illustrating an angle ( a ) formed by a line connecting 
a comer portion P of a lower surface of an opening on the upstream side of the 
connecting hole and a gas injecting port Q with respect to a horizontal plane; 

Figure 13 is a view illustrating an angle ( i3 ) formed by a line connecting 
a comer portion R of an upper surface of the opening on the upstream side of the 
connecting hole and the gas injecting port Q with respect to the horizontal plane; 

Figures 14 (a) and 14 (b) are sectional views showing an example in 
which a diameter of the opening on the upstream side of the connecting hole is 
gradually reduced toward the downstream side; 

Figure 15 is a sectional view showing an example in which a lower 
surfece portion of the opening on the upstream side of the connecting hole 
protmdes from an end surface of a partition plate; 

Figure 16 is a sectional view showing an example in which a comer 
portion of an upper surface of a protmding portion in Figure 15 is obliquely cut; 

Figure 17 is a sectional view showing an example in which the upper 
surface of the protruding portion in Figure 15 is slanted downward firora the 
upstream side toward the downstream side; 

Figure 18 is a sectional view showing an example in which the connecting 
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hole is slanted downward from the upstream side toward the downstream side; 

Figure 19 is a sectional view showing an example in which a lower 
surface portion of an opening on the downstream side of the connecting hole 
protrudes from the end face of the partition plate; 

Figure 20 is a sectional view showing an example in which a comer 
portion of an upper surface of a protruding portion in Figure 19 is obliquely cut; 

Figure 21 is a sectional view showing an example in which the connecting 
hole protrudes from both end surfaces of the partition plate on the upstream and 
downstream sides; 

Figure 22 is a sectional view showing an example in which a gas injecting 
nozzle is provided in a middle portion of the connecting hole; 

Figure 23 is a sectional view showing an example in which a porous 
material is used as a tip of the gas injecting nozzle provided in the middle portion of 
the connecting hole; 

Figure 24 is a sectional view showing an example in which the tip of the 
gas injecting nozzle provided in the middle portion of the connecting hole is 
obliquely bent from the upstream side toward the downstream side; and 

Figure 25 is a schematic view showing a structure of a fluidized bed 
reactor according to an example of the prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Embodiments of the present invention will be described below together 
with experimental conditions with reference to the drawings. 
(1) Experimental Condition (one example) 
® Raw Material Fines 

a. 2. 0 ton/hr of iron ore fines having a bulk density of 2. 0 ton/m ^ 
was fed into experimental equipment of a fluidized bed reactor. 

b. 2. 0 ton/hr of silica fines having a bulk density of 1. 5 ton/m ^ was 
fed into the experimental equipment of the fluidized bed reactor. 

As the experimental equipment of the fluidized bed reactor was used a 
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cylindrical transparent plastic vessel capable of clearly observing a fluidization 
phenomenon of the raw material fines. The experimental equipm.ent is very 
different from the actual fluidized bed reactor shown in Fig. 1 in that a support 
pipe 12 for supporting a gas distributor plate 2 is not provided and one partition 
plate 5 for partitioning a fluidized bed 4 is provided. Furthermore, an air was 
used as gas and an ordinary temperature was set. 

(2) A height of a connecting hole provided in the lower part of the partition 
plate was set to about 1/4 of a fluidized bed height or less. 

(3) The connecting hole had a bore of 150 mm. 

® The average moving speed of the raw material fines passing through the 
connecting hole is 20 mm/second for the iron ore fines, and 30 mm/second for the 
silica fines under the conditions ® and (3). 
(2) Basic Form (Structure shown in Fig. 8) 

The connecting hole 9 has a length of 200 mm. In a case where the gas 
injecting nozzle injected a gas upward in an almost vertical direction, a distance X 
on the inlet side was set to 200 mm and a distance X on the outlet side was set to 
200 mm. In a case where the gas injecting nozzle injected a gas obliquely 
downward, the distance X on the inlet side was set to 250 mm and the distance X 
on the outlet side was set to 200 mm. An angle jS (see Fig. 13) was set to 45° 
(the angle of repose of the iron ore fines is 40^ and that of the silica fines is SO"" ). 

Under the above-mentioned conditions, a fluidization experiment for the iron 
ore fines or the silica fines was performed. By the influence of a pressure 
difference on the inlet and outlet sides of the connecting hole 9, any of said raw 
material fines passing through the connecting hole 9 was moved from a 
compartment on the upstream side to a compartment on the downstream side while 
performing slight movement toward the inlet side after movement toward the outlet 
side by a constant distance without causing back mixing. 

In a case where the gas injecting nozzle injected a gas upward in the 
almost vertical direction, and the distance X on the inlet side of the connecting 
hole 9 was set to 150 mm or less and the distance X on the outlet side of the 
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connecting hole 9 was set to 50 mm or less, the gas flowed into the connecting 
hole so that a difference in a fluidized bed height between the compartments on the 
upstream and downstream sides was remarkably increased (about 200 mm) and the 
back mixing was caused. In a case where the gas injecting nozzle injected a gas 
obliquely downward, and the distance X on the inlet side of the connecting hole 9 
was set to 200 mm or less and the distance X on the outlet side of the connecting 
hole 9 was set to 100 mm or less, the same phenomenon occurred. 

In a case where the angle jS was equal to or less than the angle of repose 
of the iron ore fines, an accumulation portion was generated in the vicinity of the 
inlet of the connecting hole so that the raw material fines could not be moved in the 
connecting hole. 

(3) A diameter of the opening on the upstream side of the connecting hole is 
gradually reduced toward the downstream side. 

It is shown in Fig. 14 (a) that the opening on the upstream side of the 
connecting hole 9 is formed like a curved surface. It is shown in Fig. 14 (b) that 
the opening on the upstream side of the connecting hole 9 is obliquely cut. It was 
confirmed that the raw material fines smoothly flowed into the connecting hole 9 
with any of the above— mentioned forms. 

(4) A lower surface portion of the opening on the upstream side of the 
connecting hole is caused to protrude firom an end surface of a partition plate 
toward the upstream side. 

It was confirmed that a downflow comprising the dense ore fines was 
formed in the vicinity of the inlet of the connecting hole 9 when a lower surface 
portion 13 of the opening on the upstream side of the connecting hole 9 was 
caused to protrude toward the upstream side as shown in Fig. 15. It was 
confirmed that the ore fines were moved firom the inlet toward the outlet in the 
connecting hole 9 without causing back mixing. 

(5) A comer portion of an upper surface of a protruding portion shown in Fig. 
15 is obliquely cut. 

With the structure shown in Fig. 15, a little accumulation portion of the 
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ore fines was generated on the lower surface portion 13. It was confirmed that 
the accumulation portion was hardly present by obliquely cutting the comer portion 
of the upper face of the lower surface portion 13 as shown in Fig. 16. 

(6) The upper surface of the protruding portion shown in Fig. 15 is slanted 
by 30"" downward from the upstream side toward the downstream side. 

When the lower surface portion 13 is slanted by 30"" downward from the 
upstream side toward the downstream side as shown in Fig. 17, a dead weight of 
the ore fines is added to a pressure difference of a fluidized bed between the inlet 
and outlet sides of the connecting hole 9. Therefore, it was confirmed that the 
movement of the ore fines in the connecting hole 9 was slightly promoted as 
compared with the structure shown in Fig. 15 or 16. 

(7) The connecting hole is slanted downward from the upstream side toward 
the downstream side. 

It was confirmed that the movement of the ore fines in the connecting 
hole 9 was slightly promoted as compared with the structure shown in Fig. 8 
when the connecting hole 9 was slanted by 30° downward from the upstream side 
toward the downstream side as shown in Fig. 18. 

It is preferable that the angle of slant in Figs. 17 and 18 would be set to 
about 30° or more in order to promote the movement of the ore fines. 

(8) A lower surface portion of the opening on the downstream side of the 
connecting hole is caused to protrude from the end surface of the partition plate 
toward the downstream side. 

It was confirmed that a downflow comprising the dense ore fines was 
formed in the vicinity of the outlet of the connecting hole 9 when a lower surface 
portion 13 of the opening on the downstream side of the connecting hole 9 was 
caused to protrude toward the downstream side as shown in Fig. 19, It was 
confirmed that the ore fines were moved firom the inlet toward the outlet in the 
connecting hole 9 without causing back mixing. 

(9) A comer portion of a protruding portion shown in Fig. 19 is obliquely cut. 
With the stmcture shown in Fig. 19, a little accumulation portion of the 
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ore fines was generated on the lower surface portion 13. It was confirmed that 
the accumulation portion was hardly present by obliquely cutting the comer portion 
of the upper surface of the lower surface portion 13 as shown in Fig. 20. 

(10) A connecting hole having a length of 100 mm or more is caused to 
protrude toward the upstream and downstream sides in the lower part of a partition 
plate having a thickness of 100 mm. or less. 

While the partition plate is cut to provide the connecting hole in any of the 
above— mentioned examples, it was confirmed that the same effects could be 
obtained with a pipe— shaped connecting hole 9a shown in Fig. 21 provided on a 
partition plate 6. 

(11) A gas injecting nozzle is provided in a middle portion of the connecting 
hole. 

As shown in Fig, 22, a gas injecting nozzle 14 is provided in the middle 
portion of the connecting hole 9, and a part of a reaction gas introduced into the 
fluidized bed reactor is injected into the connecting hole 9 through the gas injecting 
nozzle 14. Consequently, it was confirmed that the accumulation portion of the 
ore fines in the connecting hole 9 was hardly present. 

Fig. 23 shows a case where a porous material 15 (a porous refractory 
material (brick)) is used as a tip of the gas injecting nozzle 14. It was confirmed 
that the ore fines could be prevented from being accumulated in the connecting hole 
9 in the same manner as in Fig. 22 when the tip of the gas injecting nozzle 14 
was made of the porous material as shown in Fig. 23. 

In Fig. 24, three gas injecting nozzles 14a, 14b and 14c are provided on 
the connecting hole 9, and the tips of said nozzles are bent obliquely from the 
upstream side toward the downstream side. Consequently, it was confirmed that 
the accumulation of the ore fines in the connecting hole 9 was completely 
eliminated. 

lUDUSTRIAL APPLICABILITY 

Since the present invention has the above— mentioned constitution, a 
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fluidized bed reactor in accordance with the present invention has a proper 
difference in a fluidized bed height between a upstream and a downstream 
compartments without causing back mixing or with extremely small amount of back 
mixing. Accordingly, the fluidized bed reactor of the present invention is suitable 
for treating ore fines in a fluidized state. 
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1. A multi- partitioned fluidized bed reactor of a bubbling bed type 

for performing a reaction while fluidizing raw material fines fed from one side 
surface of the reactor by a reaction gas injected from a large number of gas 
injecting nozzles provided on a gas distributor placed on a lower portion in the 
reactor, thereby discharging a product from the other side surface of the reactor, 
wherein a fluidized bed is partitioned into a plurality of compartments by partition 
plates, a connecting hole for moving the raw materials from an upstream side 
compartment to a downstream side compartment is provided in the lower part of 
the partition plate, and an average moving speed of the raw materials passing 
through the connecting hole is 500 mm/second or less, tiie multi- partitioned 
fluidized bed reactor meeting conditions that: 

a vertical position of the connecting hole has a height which is 1/4 of a 
fluidized bed height or less; 

a length of the connecting hole is 100 mm or more; 

in a case where the gas injecting nozzle injects a gas upward in an almost 
vertical direction, a distance between an inlet of the connecting hole and an end 
surface of an upstream side nozzle is greater than 150 mm and a distance between 
an outiet of the connecting hole and an end surface of a downstream side nozzle is 
greater than 50 ram; 

in a case where the gas injecting nozzle injects a gas in an almost 
horizontal direction, the distance between the inlet of the connecting hole and the 
end surface of the upstream side nozzle is greater than 200 mm and the distance 
between the outlet of the connecting hole and the end surface of the downstream 
side nozzle is greater than 100 mm; 

in a case where the gas injecting nozzle injects a gas obliquely downward, 
the distance between the inlet of the connecting hole and the end surface of the 
upstream side nozzle is greater than 200 mm and the distance between the outiet 
of the connecting hole and the end surface of the downstream side nozzle is greater 
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than 100 mm; and 

an angle formed by a line connecting a comer portion of an upper surface 
of the connecting hole and a gas injecting port with respect to a horizontal plane is 
greater than an angle of repose of the raw material fines in any of openings on 
upstream and downstream sides of the connecting hole. 

2. The multi- partitioned fluidized bed reactor of Claim 1 wherein a 
lower surface of the connecting hole is positioned above a gas injecting portion of 
the gas injecting nozzle. 

3. The multi- partitioned fluidized bed reactor of Claim 1 or 2 
wherein a diameter of the opening on the upstream side of the connecting hole is 
gradually reduced toward the downstream side. 

4. The multi- partitioned fluidized bed reactor of Claim 1 or 2 
wherein a lower surface portion of the opening on the upstream side of the 
connecting hole protrudes from an end surface of the partition plate toward the 
upstream side. 

5. The multi- partitioned fluidized bed reactor of Claim 4 wherein a 
comer portion of an upper surface of a protmding portion is obliquely cut. 

6. The multi- partitioned fluidized bed reactor of Claim 4 wherein 
an upper surface of a protmding portion is slanted downward from the upstream 
side toward the downstream side. 

7. The multi- partitioned fluidized bed reactor of Claims 1; 2 or 3 
wherein the connecting hole is slanted downward from the upstream side toward 
the downstream side. 
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8. The multi" partitioned fluidized bed reactor of Claim 6 or 7 
wherein an angle of slant is greater than an angle of repose of the raw material 
fines. 

9. The multi— partitioned fluidized bed reactor of Claim 1 wherein a 
lower surface portion of the opening on the downstream side of the connecting hole 
protrudes from an end surface of the partition plate toward the downstream side. 

10. The multi- partitioned fluidized bed reactor of Claim 9 wherein a 
comer portion of an upper surface of a protruding portion is obliquely cut. 

11. The multi- partitioned fluidized bed reactor of Claim 1 wherein 
the connecting hole protrudes from both end surfaces of the partition plate on the 
upstream and downstream sides. 

12. The multi- partitioned fluidized bed reactor of Claim 1 wherein 
one or more gas injecting nozzles are provided in a middle portion of the connecting 
hole, and a reaction gas is injected from the gas injecting nozzle into the 
connecting hole. 

13. The multi— partitioned fluidized bed reactor of Claim 12 wherein 
a porous material is used as a tip of the gas injecting nozzle. 

14. The multi— partitioned fluidized bed reactor of Claim 12 wherein 
a tip of the gas injecting nozzle is obliquely bent from the upstream side toward the 
downstream side. 
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Provided is a fluidized bed reactor which does not cause back mixing and 
has a proper difference in a fliiidized bed height between upstream and downstream 
compartments. A vertical position of a connecting hole (9) for moving raw 
materials from an upstream side compartment to a downstream side compartment 
has a height which is 1/4 of a fluidized bed height or less, a length of the 
connecting hole (9) is 100 mm or more, in a case where a gas injecting nozzle 
injects a gas upward in an almost vertical direction, a distance (X) between an inlet 
of the connecting hole (9) and an end surface of an upstreame side nozzle is greater 
than 150 mm and a distance (X) between an outlet of the connecting hole (9) and 
an end surface of a downstream side nozzle is greater than 50 mm, in a case 
where the gas injecting nozzle injects a gas in an almost horizontal direction, the 
distance (X) between the inlet of the connecting hole (9) and the end surfece of the 
upstream side nozzle is greater than 200 nun and the distance (X) between the 
outlet of the connecting hole (9) and the end surface of the downstream side nozzle 
is greater than 100 mm, in a case where the gas injecting nozzle injects a gas 
obliquely downward, the distance (X) between the inlet of the connecting hole (9) 
and the end surface of the upstream side nozzle is greater than 200 mm and the 
distance (X) between the outlet of the connecting hole (9) and the end surface of 
the downstream side nozzle is greater than 100 mm, and an angle formed by a line 
connecting a comer portion of an upper surfece of the connecting hole (9) and a gas 
injecting port with respect to a horizontal plane is greater than an angle of repose of 
the raw material fines in any of openings on upstream and downstream sides of the 
connecting hole (9). 
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C attached sheet ] 

h'-wind box, 2, 10-'*gas distributor, 3, 11, 14, 14a, 14b, 14c "-gas injecting 
noz2le, 4--* fluidized bed, 5, 6'*- partition plate, upstream side compartment 
8 ^ * • downstream side compartment, 9, 9a • • * connecting hole, 1 la • • • upward 
nozzle, lib'-' horizontal nozzle, 1 1 * • * obliquely downward nozzle, 1 2 • • • support 
pipe, 1 3 * * * lower surface portion 
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Apprcwd for UM through S/3(VM. OM8 06S1-0O32 
fhtati and Tf*3«fmrtt omc«; U.S. OEPARTWENT OF COMMERCE 
Undwtha P«P<owc^ R»ducttoa Act cf 1 WS, no p»f»oo» ifi rK^jtf^ v»*d 0 M6 cootrx)! numbT. 

Japanese Language Declaration Atty Docket 490042-87 



fill. 3*effl&M«3 Sff I 1 9ifc{a).(d)SXI±3 6 5^ 
3£LTVv^n??tB:t)^fe>tl 3 6 5 (a) ^Slcxr < i2BSaH8, X 



Prior Foreign Application (s) 

HEI 1Q-3897Q 

(Nun:)b«r) 
(Number) 



Japan 



(Country) 



(Country) 



I h«ftby claim foreign priority under Trttt 58, Untttd States Code, 
Section 111 (*Hd) Of 3«S(bJ of any foretyn apptlcatlonfi J for patinl 
or Ifvvtntor'g certificate, or 355(a) of any PCT lnten\aUonar 
appTicatlon wtikh d«ignate<l at least one country otfier than the 
Unffe^ SUtec, Hsted betow and have atco Identified below, fay 
checking tht box. wiy foreign application for patent or Inventor^ 
certiAcate. or PCT International application having a flUng date 
before that of the application on wtilch priority U claimed. 

Priority Not Claimed 

20 February 1998 ^ 

(Day/Month/Year Filed) ° 



(Oay/Monthnroar Filed) 



(Application No.) 



(Filing Date) 



PCTPJP98/04300 

(Appiication No.) 



(Application No.) 



Sep 24, 199 8 

(Filing Date} 
(mHS) 

(Filing Date) 
(fcBfla) 



Sill. ?ie*<ofai»ica£-f ^Nr*i«EpTftii?TJir5 3)t 



I hereby claim the benefit under Title 36, tJntted State* Code, 
Section 11J(e) of any Untted States provisional applkatIori(s) listed 
below. 



(Application No.) 



(Filing Dat«) 



I hereby claim the beneHt under Title 35, United States Code, 
Section 120 of any United States app«catlon{s), of3W(c) of any 
PCT IntemationaJ appficatlon designating the United Slates, listed 
below and, tnsofjir the subject n«ttef of each of the cUkns of 
lhi» appllcetlon Is not disclosed In the prior United Slates or PCT 
International application in the rrunnef provided by the first 
paragraph of Title 5fi, United States Code Section 112. 1 
acknowledge the duty to disclose Inlormatlon which Is mAterlil to 
patentability u defined In Title 3 T, Code of Federal Regulations. 
Section 1.66 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
appltcatton. 

Pending^ 

(Status: Patented, Pending. Abandone<J) 

(Status: Patented, Pending. Abandoned) 

I hereby decUre that all «utementi made herein of my own 
knowledge ire true and that an rtatementt made on Information 
and. befief are befieved to be truej and further that these 
statements were made with the knowledge that wiUfui false 
statements and the like so made are punishable by llne_or 
lnr>prisonment, or both, under Section 1001 of Title 11 of the 
UnHed States Code and that such willful false staternents may 
jeopanJIie the validrty of the appCcatlon or any patent Issued 
thereon. 
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FORM M9 



1-112.4 



Attorney Docket No. 490042-87 



FORM M9 



urns 



Apprw«dforuMthnwohW3G«S. OMeoe51-0032 
Pitwt «M TrwlMwric Omc«; U.S. DEPARTMENT OF COMMERCE 



Japanese Language Declaration 



POWBl OF ATTORNEY: A« « tumd kivcntor, t h«raby sppolnt 
tti* foflowins «ttonn«y(«) «nd/or proc«cut« this 

appneation and transact aU butln*** In th* P«t«nt and Tradamarit 
Omc« conmctad tharrMtth /Uif nam« and ngtstntlon nttmb^ 

Guy Pgrteg_SQith, teg_._ No. 20;142 



Send correspondence to: 

Q^Porf,er Pmiai, Esq. 
OJ^ mHEIMER & DCT 3NELLY LLP 

jOgg^ pmttiry Park EasEr^ux€ e~3&00 
los'^mijesrCA 9Q067-3024~" ~ 



Direct Ttlaphttfitt Calts to: (namt «Ad i^hptient /wmbt /) 

Porter Smith, Esq. 
Pio) 788-5000 



FuV fwiM of aola or Hrst Invtrtor 



April 10, 



2000 



an 



R««idanc« 6-14-9 , shioya-cno, Tanjmi- 
ku. Kobe-shi. Hvoao 655-0872 JAPAN, 



CtUzanaNp 

Japanese 



poft offict Add/ws b-1 4-9 y snioya-cno , 
Tarumi-ku, Kobe-shi, Hvocro 655-0872 JAPAN 



Ful namt o( »«»od joint Irwtntof. If any 



S«corvd Invtntor't signttura 
R«id«*c« 185-3, 



\ J Dttf 

lAAt^^April 



10, 2030 



Nozce 2-cJiame, 
Harima-cho, Kako-crun^ Hvogo 675-0151 



JAPAN. ^i^ 



CKtrtnth^ 

Japanese 

Post omc« Addrtsc iyb-J, INlozoe 2-chcme, 



Harima-cho, Kako-cfim, Hyogo 675-0151 JA&AN 



(Supply timllar Infomution ind signiturt for third and sub««]uwtc 
)olnt iRvtnton.) 
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I Attorney Docket No. 490042-8 7 

auin-^i Pub^5) FORM M9 1-112^ 

PTO/SB/10«(We) 
Appravtd for us« through W3(V98. OMBOeSI.0032 
PiUnt and TrwJwnirtc Offlct; U.S. DEPARTMENT OF COMMERCE 
Un dythtPtp»f>wfkR»<fcJCtk)nActQf l89S.iwp»aoftSOTf^^ vrfd 0M6 oonfrol numfay. ; 

Japanese Language Declaration 



flifttft : tfcllTieoft^trtUr. ^ttlStCHt^i-W*^ power of attorney: Am • named kiventof, I h«r«by appoint 

J?«ltt3fc1<>»!=JK«Mte>tUX3«?ft5^a±*fcHftaA tht fottowtng attom*y{t) and/or %q*r<[t) to pfowcutt thU 

tUT, TCOt'tJt*V^fcU*1'» Ttfciift^ appBcation and trancad all butbwaa kith* Pattnt and TradamarV 

AOfti62tl^£Rft^fc^2SOi i) omct conntctad tfwrrwtth (IW nam* and rtff/«tntfon nt/mfwj 

Guv ^ Porter Smith. .Bea. -.No^_2aj^2 

Send correspondence to: 

Guy Porter Smxth^ Esq* 
BpP ENHEIMER WOLFF & DCMMJiY IJLP 

Jos Angeles, CA 90067-3024 

itSE€SiII55t'! (ife W&l/1l!K#-^) OiractTaUphont Calls to: (flamt anrfrtfipftona w/n6#/) 

Guy Porter Smith, Esq. 



^6 



1 



Fuantmaof 3rd joint inventor 



tnvti 



g^:<%/W^. Ap°rll 10, 2 00 



Pi«i<itt«5-7-ii, KaMBadai, Nishi-ku, 
Kobe-Shi^ H yoao 651-2272 



CWzmahip 

Japanese ' 

pejioffio»A<idf»«5-7-ll, Karitjadai, 



Nishi-ku. Kobe-shi. Hvoao 651-2272 JAPAN 



Kazuo TSUTSUMI 



ytnvantor*a tlgnatura - Data 

^ / April 10 

•«w#ftct3-25-lU, Kitavamadai, 



Rt«kj#ftct3-25-lU, Kitayamadai, 



Cktztnahlp 

Japanese 

Post OfficaAddrtaa 3- 2 5-1 Kitayamadai, 

Nishi-ku, Kobe-shi, Hvoao 651-2215 JAPAN 



(JKH£ltt0^tP]Rfl^tCOV^Tt)IB]8EtCT2JSU, (Supply timKar InfonnaUon and aignaturt Tof third and auua^iutm 

^ C i: ) joint Invantora.) 



2000 
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(ReL7l-^7 Piib.605) 



FORM M9 



Attorney Docket No> 490042-87 



PTO/S8/10ff<8-W) 
Appro^ for UM through W3a9S. OM80e51.0032 
P»Unl ami Tr»<J«nwric Omc«; U.S. DEPARTMENT OF COMMERCE 
Und«rth« Pip«rivorfc Reduction Act of 1 $95, no p«r»OAft srt rvqutrtd to respond to » ooUction of Inronnayon vnl*M K (Avplsyi a vtOd OMB oontroJ numbf. | 



Japanese Language Declaration 



POWER OF ATTORNEY; A* t named (nventof, I htnby appoint 
tht fottowlng «ttom«y(cJ and/or »fl«tt(fl to pros*cut« thU 
appdcation and tr«nc«ct «if busin«c» In tht Pattnt and Tradtnurk 
Offlca conntctad t^a^twtth (Mif n%m^ and f»ff/«Cntfon numbtr) 

Guy Porter Smithy Sm..^BQ...JlQLJJt^ 



Send correspondence to: 
Guy Porter Smi± h. Esq. 
QEPEMIEIMER mjJFF u DONNELLY LEP 

^^2a.centn^::E] ^East, si^e;;;;^o 

Lqs Angeles, CA 90067-3024 



Direct Tetaphon* Caltt to: (/iam« and t*hpHw* /K/m£«/) 

Guy Porter Smith, Esq. 
(310) 788-5Q0Q 



FuUfwnwofSth joint inventor 
Masahide KAZARI 



tnvtntor'a tlyn^l 



Data 

tril 1Q. 



an 



R«»kj««t 2-67-2, Yaonatedai, Okubo- 
cho, Akashi^-shi, Hyogo 674-0056 JAPAN- 



^10 



CStztnahlp 

Japanese 



Post Ortica Address 2-67-2, Yaraatedai, 

Okubo-cho, Akashi-shi, Hyogo 674-0056 JAPAN 



FuJt name ot 6 th Invtntor . If eny 



0f+ 



Invantoft vigniture 



Dttf 



Rasldance 



Clttztnshlp 



Post OfTica Addr*«« 



{jRHti»^O^t^3355^^lCOV^•C tjfSiacfcTdJdl t . *iS ^"t (Supply skntlar Infonnatjon and aignaturt fof third and aub*a<^u«m 
<5 ^ Joint inventors.) 
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